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ABSTRACr 
M3ssbauer effect measurements across the antiferranagnetic to
paramagnetic phase boundary in Fe2+: MnF2 in exteD"lal magnetic fie1 
are reported. From the data, J(Mn-Fe)== -1.7 an-l . 
ary is found tu vary as H6, as in pure MnF2. 
MnF2 crystallizes in a rutile structure with a tetragonal lat-
tice. Below the Neel temperature l}f=67. 4K, the magnetic properties 
of MnF2 are well understood in tenus of an ideal, two sublattice an-
tiferranagnet ....ith the spins aligned along the tetragonal c-axis. The
phase diagram of MnF2 in the H-T plane has been studied by Shapira 
and Fonerl and is shown in Fig. 1. At low temperature, an external 
magnetic field applied along the c-axis causes a first-order realign-
ment of the sublatt:ice magnetization from along the c-axis to the 
basal plane when the magnitude of the external field reaches the cri-
tical value Hsf. At higher temperature, specifically above 65 K, 
the external field causes a second order transition to the paramagnet 
ic phase, i.e., effectively lowers the Neel temperature. 
Fe2+ may be isanorphously incorporated in·te, the MnF2 lattice. 
The effect of the addition of iron. is to increase the Neel point2 and
to increase the value of Hs f 3 . In a previous work, we observed the 
spin flop in Fe2+: MnF2 using M3ssbauer spectroscopy in 57Fe4 . In 
this paper we report measurements of the antiferromagnetic to paramag-
netic phase transition in external magnetic fields for single cry-
stals of MnF2 doped with 1% 57Fe. 
A large single crystal of _ 1% 57Fe2+ doped MnF2 was grown from 
the melt by Optovac, Inc. The single crystal was oriented and a 6 
mil slice was cut perpendicular to the c-axis and mounted between bery-
llium disks. In addition, some of the crystal was crushed and the 
p<».der was cast in lucite. Measurements were made in a conventional 
constant:. acceleration spectrometer operating in the nonnalized mcx:le. 
The sample was placed in a cI".lostat which was inserted in a liquid nit:-
rogen dewar which was in turn inserted into a superconducting solenoid 
operating in the persistent mode up to 85 kQe. The temperature was 
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controlled by purrping the liquid nitrogen bath below the desired tem­
perature and then heating the sample electrically. The terrperature 
was measured using a wire wound Pt resistor and the values were cor­
:r'ected for the effect of the external field using the results of 
Neuringer et al. 5 , 
. ~ ~ ~ 
Because the f~eld at the nucleus ~= Hhf ± Ha, the spectra of tre
spin up and spin down sublattices in the antiferrornagnetic phase are 
observed independently and the canplete spectn:nn consists typically of
eight lines (Fig. 2). In the paramagne.tic phase all the spins are 
equivalent and the spectn:nn consists of just four lines (the MF 0 
lines are absent because the y-ray propagation direction is parallel
to Ho). Thus we observe the terrperature dependence of the spin up 
and spin down sublattices independently and the transition to the para­
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Fig. 3. Hhf and Hhf/Hsat plotted as a function of T for HQ=80 koe; 
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T h e  d a t a  w e r e  a n a l y z e d  u s i n g  a  c a n p u t e r  p r o g r a m  o f  S i n g h  a n d  
H o y  7 .  F r o m  t h e  q u a d r u p o l e  s p l i t t i n g  a b o v e  T N  a n d  p o I t r l e r  s p e c t r a  a t  
s e v e r a l  p o i n t s  b e l o w  T N  w e  f o u n d  t h a t  t h e  q u a c h : u p o l e  < X > u p l i n g  p a r a ­
m e t e r  Q =  2 . 9 5  r r m / s e c .  a n d  t h e  a s y r r a r e t r y  p a r a m e t e r  1 ] =  0 . 4  d i d  n o t  
c h a n g e  a p p r e c : L a b l y  i n  t h e  t r a n s i t i o n  r e g i o n .  
I n  F i g .  3 .  w e  p l o t  t h e  h y p e r f i n e  f i e l d  H h f  i n  t h e  F e
2
+  i n  t h e
s p i n  d o w n  a n d  s p i n  u p  s u b l a t t i c e s  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  f o r  
a n  a p p l i e d  f i e l d  l i o =  8 0  k o e .  T h e  d a t a  h a v e  b e e n  a n a l y z e d  u s i n g  a
n o l e c u l a r  f i e l d  a p p r o x i m a t i o n  r r o d e l  w h . e r  J  ( M n )  a n d  J  ( F e )  ; .  t h e  M n - M n  
a n d  F e - F e  e x c h a n g e  c o n s t a n t s  r e s p e c t i v e l y  w e r e  c h o s e n  t o  g i v e  t h e  
b e s t  f i t  t o  t h e  N e e l  p o i n t  o f  p u r e  M n F 2  a n d  p u r e  F e F 2 .  T h e  F e
2
+  s i n g ­
l e  i o n  a n i s o t r o p y  c o n s t a n t  D  w a s  t a . : ! - : e n  f r a n  t h e  m e a s u r e m e n t s  o f  L o w e  
e t  a l i 3  D =  8 . 6  a n -
l  
.  U s i n g  t h e s e  v a l u e s  t h e  b e s t  f i t  t o  t h e  N e e l
p o i n t  i s  o b t a i n e d  w i t h  J =  - 1 . 5  a n -
l  
,  h o w e v e r  t h e  b e s t  f i t  t o  t h e  m a g ­
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Shapira and Foner1 and Heller6 showed that the phase boundary in 
pure MnF2 is well represented by an equation of the form T - TN= AH2, 
where A is a constant. In Fig. 4 we plot TN detennined from our data 
as a function of H6, including one value obtained by hold~g T con-
stant and changing Ho. The boundary is seen to vary as HO as in MnF2 
and with the same slope. This result is predicted by the M.F.A. 
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